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Exercise 1
Scientific Method
The Process of Science

Question 1    
What practices besides science are used among world cul-
tures to learn about the natural world?

 The questioning and testing inherent in science sys-
tematically sift through natural variation to find underly-
ing patterns. The natural world includes much variation, 
and learning biology would be relatively easy if simple 
observations accurately revealed patterns of the natural 
world. But they usually don’t—nature is too complicated 
to rely solely on simple observation. We can certainly learn 
much about our environment just by looking around us, 
but casual observations are often biased and misleading 
because nature varies from time to time and from organism 
to organism. Biologists need a structured and repeatable 
process for testing their ideas about the variation in nature. 
Science is that process.

Learning Objectives

By the end of this exercise you should be able to:
1. Define science and understand the logic and 

sequence of the scientific method.
2. Develop productive observations, questions, and 

hypotheses about the natural world.
3. Calculate the range, mean, and standard deviation 

for a set of replicate measurements.
4. Design and conduct a controlled experiment to test 

a null hypothesis.
5. Understand the difference between a hypothesis and 

a scientific theory.

The word science brings to mind different things to dif-
ferent students. To some students, science is a textbook. 

To others, it’s a microscope, a dissected frog, or a course that 
you take. In fact, science is none of those things. Some defini-
tions are more useful than others, but for biological research 
a good definition of science is the orderly process of posing 
and answering questions about the natural world through 
repeated and unbiased experiments and observations. This 
definition emphasizes that science is a process rather than a 
book, course, or list of facts. Science is not a “thing.” It’s a 
way of thinking about and doing things—a way of learning 
and knowing about the natural world (fig. 1.1).
 Our definition also emphasizes that people do science 
by asking questions and then doing experiments to answer 
those questions. Questions and curiosity are part of human 
nature, and science is a human activity. Like any human 
task, it takes practice to do science effectively.
 Finally, our definition emphasizes that science is a 
tool for learning about the natural world. It is ineffective 
for moral choices, ethical dilemmas, and untestable ideas.  
For example, the scientific method cannot tell us if pollution 
is good or bad. It can tell us the environmental consequences 
of pollution, but whether these consequences are “good” or 
“bad” is a judgment that we make based on our values or 
goals, not on science. Although this is an important limi-
tation of the scientific method, science remains one of the 
most powerful ways of understanding our world.
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Figure 1.1 Science is a process of learning about the natural 
world. Doing experiments that involve gathering repeated and 
unbiased measurements (data) is at the heart of testing hypotheses and 
answering questions.

Please visit connect.mheducation.com to review online 
resources tailored to this lab.
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Question 2    
What factors might be responsible for variation in measure-
ments of traits such as the heights of 10-year-old pine trees, 
or the kidney filtration rates of 10 replicate lab-mice?

 The process of science deals with variation primar-
ily through an organized sequence of steps that maintains 
as much objectivity and repeatability as possible. Although 
these loosely organized steps, sometimes called the scientific 
method, vary from situation to situation, they are remark-
ably effective for research and problem solving. The typical 
steps in the process of science are:

 ∙ Make insightful observations
 ∙ Pose and clarify testable questions
 ∙ Formulate hypotheses
 ∙ Do experiments to gather data
 ∙ Quantify the data
 ∙ Test the hypotheses
 ∙ Refine hypotheses and re-test
 ∙ Answer the questions and make conclusions

DEVELOPMENT OF OBSERVATIONS, 
QUESTIONS, AND HYPOTHESES

Make Insightful Observations

Good scientists make insightful observations. But that’s not 
as easy as it seems. Consider these two observations:

Observation 1:  There are fewer elk in Yellowstone 
National Park than there used to be.

Observation 2:  The density of elk in Yellowstone 
National Park has declined during the 
consecutive dry years since the reintro-
duction of the native wolf population.

Which of these two observations is the strongest and most 
useful? Both of them may be true, but the second one is 
much more insightful because it provides a context to the 
observation that the elk population is declining. It also sug-
gests a relevant factor—that is, the introduction of the wolf 
population—as a productive topic for investigation. It also 
suggests a relationship between density of the elk popula-
tion and the variation in the local environment.

Procedure 1.1 Make insightful observations
 1. Consider the following two observations.

Observation 1: Fungi often grow on leftover food.
Observation 2:  Fungi such as mold and yeast grow more 

on leftover bread than on leftover meat.

  Which of the above observations is the most useful for 
further investigation? Why?

©  BiologyImaging.com

Figure 1.2 Pillbugs are excellent experimental organisms to test 
hypotheses about microenvironments, such as those under logs and 
within leaf litter. Pillbugs are readily available and easily cultured in 
the lab (10×).

SAFETY FIRST Before coming to lab, you were 

asked to read this exercise so you would know what 

to do and be aware of safety issues. Briefly list the 

safety issues associated with today’s procedures. If 

you have questions about these issues, contact your 

laboratory assistant before starting work.

  Record the most insightful of the two observations on 
Worksheet 1 on page 9.

 2. Consider this observation: Pillbugs (sometimes called 
roly-poly bugs) often find food and shelter where fungi 
are decomposing leaf litter (fig. 1.2).

  For this example we are interested in whether pillbugs 
are attracted to leaves or to fungi (including yeasts) 
growing on the leaves’ surfaces.
Observation 1: Pillbugs often hide under things.

  Propose a more productive observation.
Observation 2:  
 

  Record Observation 2 on Worksheet 2 on page 10. You 
may revise this later.

Pose and Clarify Testable Questions

Productive observations inspire questions. Humans think 
in terms of questions rather than abstract hypotheses or 
numbers. But phrasing a good question takes practice and 
experience, and the first questions that capture our atten-
tion are usually general. For example, “Which nutrients can 
yeast most readily metabolize?” is a general question that 
expands the observation posed in procedure 1.1. This ques-
tion is broadly applicable and is the type of question that 
we ultimately want to understand. Enter this as the General 
Question in Worksheet 1.
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 Broad questions are important, but their generality 
often makes them somewhat vague. The best questions for 
the process of science are specific enough to answer clearly. 
Therefore, scientists usually refine and subdivide broad 
questions into more specific ones. For example, a more spe-
cific question is “What classes of biological molecules are 
most readily absorbed and metabolized by yeast?” Enter this 
as Specific Question 1 in Worksheet 1. 
 A further clarification might be “Does yeast absorb 
and metabolize carbohydrates better than it absorbs and 
metabolizes proteins?” This is a good, specific question 
because it clearly refers to organisms, processes, and vari-
ables that are likely involved. It also suggests a path for 
investigation—that is, it suggests an experiment. Enter this 
as Specific Question 2 in Worksheet 1.

Question 3    
Consider the questions “What color is your roommate’s 
car?” and “How many legs do cats have?” To answer these 
questions, would you use the scientific method, or would 
you rely on observation? Why?

Procedure 1.2 Posing and refining questions
 1. Examine the following two questions.
 Question 1:  Do songbird populations respond to the 

weather?
 Question 2:  Do songbirds sing more often in warm 

weather than in cold weather?
  Which of those questions is the most useful for further 

investigation? Why?  
    
    
    

 2. Examine the following general question, and record it 
in Worksheet 2.

  General Question:  What influences the distribution of 
pillbugs? 

  Propose a specific question that refers to the food of 
pillbugs as a variable, and record it here and in  
Worksheet 2. Know that you may revise this later.

  Specific Question 1  
    
  Propose a more specific question that refers to pillbugs 

eating leaves, as opposed to pillbugs eating fungi  
growing on leaves. Record this question here and in 
Worksheet 2. Know that you may revise this later.

  Specific Question 2  
    

Formulate Hypotheses

Well-organized experiments to answer questions require that 
questions be restated as testable hypotheses. A hypothesis is a 
statement that clearly states the relationship between biological 
variables. A good hypothesis identifies the organism or pro-
cess being investigated, identifies the variables being recorded, 
and implies how the variables will be compared. A hypoth-
esis is a statement rather than a question, and an analysis of 
your experimental data will ultimately determine whether you 
accept or reject your hypothesis. Remember that even though a 
hypothesis can be falsified, it can never be proved true.
 Accepting or rejecting a hypothesis, with no middle 
ground, may seem like a rather coarse way to deal with ques-
tions about subtle and varying natural processes. But using 
controlled experiments to either accept or reject a hypothesis 
is effective. The heart of science is gathering and analyzing 
experimental data that leads to rejecting or accepting hypoth-
eses relevant to the questions we want to answer.
 In this exercise, you are going to do science as you 
investigate yeast nutrition and then experiment with food 
choice by pillbugs. As yeast ferments its food, CO2 is pro-
duced as a by-product. Therefore, we can measure the growth 
of yeast by measuring the production of CO2 (fig. 1.3).
 A hypothesis related to our question about the growth 
of yeast might be:

H0: CO2 production by yeast fed sugar is not signifi-
cantly different from the CO2 production by yeast 
fed protein.

A related alternative hypothesis can be similarly stated:
Ha: Yeast produces more CO2 when fed sugar than 

when fed protein.
The first hypothesis (H0) is a null hypothesis because it states 
that there is no difference. This is the most common way to 
state a clear and testable hypothesis. (Your instructor may 
elaborate on why researchers state and test null hypotheses 
more effectively than alternative hypotheses.) Researchers 
usually find it more useful to associate statistical probabili-
ties with null hypotheses rather than with alternative hypoth-
eses. Enter the null hypothesis into Worksheet 1.
 A well-written null hypothesis is useful because it is 
testable. In our experiment, the null hypothesis (1) specifies 
yeast as the organism, population, or group that we want to 
learn about; (2) identifies CO2 production as the variable being 
measured; and (3) leads directly to an experiment to evaluate 
variables and compare means of replicated measurements.

Figure 1.3 These tubes of 
yeast are fermenting nutrients 
provided in solution. The 
CO2 produced by the yeast 
accumulates at the top of the test 
tubes and indicates that yeast’s 
rate of metabolism. From left to 
right, the tubes include a control 
with no added nutrients, a  
tube with low nutrients, and a 
tube with high nutrients.

© BiologyImaging.com
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Procedure 1.3 Formulating hypotheses
 1. Examine the following two hypotheses:

Hypothesis 1:  Songbirds sing more when the weather 
is warm.

Hypothesis 2:  The number of bird songs heard per hour 
during daylight temperatures above  
80°F (27°C) is not significantly different 
from the number heard per hour at tem-
peratures below 80°F (27°C).

  Which of these hypotheses is the most useful for fur-
ther investigation? Why?   

    
  Which of these hypotheses is a null hypothesis? Why?
    
 2. Examine the following hypothesis.

Hypothesis 1:  Pillbugs prefer leaves coated with a thin 
layer of yeast.

  Propose a more effective null hypothesis. Be sure that it 
is a null hypothesis, that it is testable, and that it includes 
the parameter you will control in an experiment.
Hypothesis 2 (H0):  

  
  Enter your null hypothesis in Worksheet 2.

EXPERIMENTATION AND DATA ANALYSIS: 
YEAST NUTRITION

Gather Experimental Data

To test our hypothesis about yeast growth, we must design 
a controlled and repeatable experiment. The experiment 
suggested by our specific question and hypothesis involves 
offering sugar such as glucose to one population of yeast, 
offering protein to another population of yeast, and then 
measuring their respective growth rates. Fortunately, yeast 
grows readily in test tubes. As yeast grows in a closed, 
anaerobic container it produces CO2 in proportion to how 
readily it uses the available food. CO2 production is easily 
measured by determining the volume of CO2 that accumu-
lates at the top of an inverted test tube.
 Experiments provide data that determine if a hypoth-
esis should be accepted or rejected. A well-designed experi-
ment links a biological response to different levels of the 
variable being investigated. In this case, the biological 
response is CO2 production indicating growth. The levels of 
the variable are sugar and protein. These levels are called 
treatments, and in our experiment they include glucose,  
protein, and a control. For this experiment the treatment (i.e., 
independent) variable being tested is the type of food mol-
ecule (i.e., protein, sugar), and the response (i.e., dependent) 
variable is the CO2 production that indicates yeast growth.
 An experiment that compensates for natural variation 
must be well designed. It should (1) include replications,  
(2) test only one treatment variable, and (3) include controls. 

Replications are repeated measures of each treatment under 
the same conditions. Replications effectively deal with nat-
urally occurring variation. Usually the more replications, 
the better. Your first experiment today will include repli-
cate test-tubes of yeast, each being treated the same. Good 
design tests only one treatment variable at a time. 
 Good experimental design also requires controls to 
verify that the biological response we measure is a function 
of the variable being investigated and nothing else. Controls 
are standards for comparison. They are replicates with all of 
the conditions of an experimental treatment except the treat-
ment variable. For example, if the treatment is glucose dis-
solved in water, then a control has only water (i.e., it lacks 
only glucose, the treatment variable). This verifies that the 
response is to glucose and not to the solvent. Controls vali-
date that our results are due only to the treatment variable.

Procedure 1.4 An experiment to determine the 
effects of food type on yeast growth
 1. Label 12 test tubes as C1–C4, G1–G4, and P1–P4.  

See Worksheet 1.
 2. To test tubes C1–C4 add 5 mL of water. These are 

control replicates.
 3. To test tubes G1–G4 add 5 mL of 5% glucose solution. 

These are replicates of the glucose treatment.
 4. To test tubes P1–P4 add 5 mL of 5% protein solution. 

These are replicates of the protein treatment.
 5. Swirl the suspension of yeast until the yeast is distrib-

uted uniformly in the liquid. Then completely fill the 
remaining volume in each tube with the yeast suspen-
sion that is provided.

 6. For each tube, slide an inverted, flat-bottomed test 
tube down over the yeast-filled tube. Hold the yeast-
filled tube firmly against the inside bottom of the 
cover tube and invert the assembly. Your instructor 
will demonstrate how to slip this slightly larger empty 
tube over the top of each yeast tube and invert the 
assembly. If done properly, no bubble of air will be 
trapped at the top of the tube of yeast after inversion.

 7. Place the tubes in a rack and incubate them at 50°C.
 8. Measure the height (mm) of the bubble of accumulated 

CO2  after 10, 20, 40, and 60 minutes. Record your 
results in Worksheet 1 and graph them here:
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 9. When you are finished, clean your work area and dis-
pose of the contents of each tube as instructed by your 
lab instructor.

Test Your Predictions by Analyzing
the Experimental Data

Analysis begins with summarizing the raw data for bio-
logical responses to each treatment. The first calculation 
is the mean (x–) of the response variable for replicates of 
each treatment, and for the control replicates. The mean is 
a single number that represents the central tendency of the 
response variable. Later the mean of each treatment will be 
compared to determine if the treatments had different effects.
 The second step in data analysis is to calculate varia-
tion within each set of replicates. The simplest measure 
of variation is the range, which is the highest and lowest 
values in a set of replicates. A wide range indicates much 
variation in the data. The standard deviation (SD), another 
informative measure of variation, summarizes variation just 
as the range does, but the standard deviation is less affected 
by extreme values. Refer to the box “Variation in Replicate 
Measures” to learn how to calculate the standard deviation.

Question 4
Even the seemingly simple question “How tall are mature 
males of the human species?” can be difficult to answer. 
How would you best express the answer?

Procedure 1.5 Quantify and summarize the data
 1. Examine your raw data in Worksheet 1.
 2. Calculate the mean of the response variable (CO2  

production) for the four control replicates. To calculate 
the means for the four replicates, sum the four values 
and divide by four. Record the mean for the control 
replicates in Worksheet 1.

 3. The CO2 production for each glucose and protein  
replicate must be adjusted with the control mean. This 
ensures that the final data reflect the effects of only 
the treatment variable and not the solvent. Subtract the 
control mean from the CO2 production of each glucose 
replicate and each protein replicate, and record the 
results in Worksheet 1.

 4. Record in Worksheet 1 the range of adjusted CO2 pro-
duction for the four replicates of the glucose treatment 
and of the protein treatment.

 5. Calculate the mean CO2 production for the four 
adjusted glucose treatment replicates. Record the mean 
in Worksheet 1.

 6. Calculate the mean CO2 production for the four 
adjusted protein treatment replicates. Record the mean 
in Worksheet 1.

 7. Refer to “Variation in Replicate Measures,” and cal-
culate the standard deviation for the four adjusted glu-
cose treatment values and for the four adjusted protein 
treatment values. Record the two standard deviations 
in Worksheet 1.

Variation in Replicate Measures

Natural variation occurs in all processes of biology. This 
variation will inevitably produce different results in repli-
cated treatments. One of the most useful measures of varia-
tion of values about the mean is standard deviation. It’s 
easy to calculate: calculate the mean, calculate the devia-
tion of each sample from the mean, square each deviation, 
and then sum the deviations. This summation is the sum of 
squared deviations. For example, data for CO2 production 
by yeast in four replicate test tubes might be 22, 19, 18, and 
21 mm. The mean is 20 mm.

CO2 Production (mm) Mean Deviation Deviation2

 22 20 2 4
 19 20 −1 1
 18 20 −2 4
 21 20 1 1
  Sum of squared deviations  =  10

The summary equation for the sum of squared deviations is

Sum of squared deviations = 
N

Σ
i=1

(x
i
 − –x)2

where
 N = total number of samples

 –x  = the sample mean

 x
i
 = measurement of an individual sample

The summation sign (
N

Σ
i=1

) means to add up all the squared 

deviations from the first one (i = 1) to the last one (i = N). 
 The sum of squared deviations (10) divided by the 
number of samples minus one (4 − 1 = 3) produces a value 
of 10/3 = 3.3 mm2 (the units are millimeters squared). This 
is the variance:

Variance = 
sum of squared deviations

N − 1

The square root of the variance, 1.8 cm, equals the standard 
deviation

SD = √Variance = √3.3  = 1.8

The standard deviation is often reported with the mean in 
statements such as, “The mean CO2 production was 20 ± 
1.8 mm.” The standard deviation helps us understand the 
spread or variation among replicated treatments.
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Test the Hypotheses

Our hypothesis about yeast growth is tested by comparing the 
mean CO2 production by yeast fed glucose to the mean CO2 
production by yeast fed protein. However, only determining 
if one mean is higher than the other is not an adequate test 
because natural variation will always make the two means 
at least slightly different, even if the two treatments have the 
same effect on yeast growth. Therefore, the means and the 
variation about the means must be compared to determine if 
the means are not just different but significantly different. 
To be significantly different, the differences between means 
must be due to the treatment and not just due to natural varia-
tion. If the difference is significant, then the null hypothesis 
is rejected. If the difference is not significant, then the null 
hypothesis is accepted. Testing for significant differences is 
usually done with statistical methods.
 Statistical methods calculate the probability that the 
means are significantly different. But these complex calcu-
lations are beyond the scope of this exercise. We will use a 
simpler method to test for a significant difference between 
the means of our two treatments. We will declare that two 
means are significantly different if the means plus or minus 
1/2 of the standard deviation do not overlap.
 For example, consider these two means and their stan-
dard deviations (SD):

Meana = 10 SD = 5 Meanb = 20 SD = 10
Meana − (½)SD = 7.5 Meanb − (½)SD = 15
Meana + (½)SD = 12.5 Meanb + (½)SD = 25

Are Meana and Meanb significantly different according to our 
test for significance? Yes they are, because 7.5 ↔ 12.5 does 
not overlap 15 ↔ 25.

Procedure 1.6 Testing hypotheses
 1. Consider your null hypothesis and the data presented 

in Worksheet 1.
 2. Calculate the glucose mean − (½)SD and the glucose 

mean + (½)SD. Record them in Worksheet 1.
 3. Calculate the protein mean − (½)SD and the protein 

mean + (½)SD. Record them in Worksheet 1.
 4. Do the half standard-deviations surrounding the means 

of the two treatments overlap? Record your answer in 
Worksheet 1.

 5. Are the means for the two treatments significantly dif-
ferent? Record your answer in Worksheet 1.

 6. Is your null hypothesis accepted? Or rejected? Record 
your answer in Worksheet 1.

Answer the Questions

The results of testing the hypotheses are informative, but 
it still takes a biologist with good logic to translate these 
results into the answers of our specific and general ques-
tions. If your specific questions were well stated, then 

answering them based on the results of your experiment and 
hypothesis testing should be straightforward.

Procedure 1.7 Answering the questions:  
yeast nutrition
 1. Examine the results of hypothesis testing presented in 

Worksheet 1.
 2. Specific Question 2 was “Does yeast absorb and 

metabolize carbohydrates better than it absorbs and 
metabolizes proteins?” Enter your answer in Work-
sheet 1.

 3. Does your experiment adequately answer this ques-
tion? Why or why not?

 4. Specific Question 1 was “What classes of biological 
molecules are most readily absorbed and metabolized 
by yeast?” Enter your best response in Worksheet 1.

 5. Does your experiment adequately answer Specific 
Question 1? Why or why not?

 6. The General Question was “Which nutrients can yeast 
most readily metabolize?” After testing the hypotheses, 
are you now prepared to answer this general question? 
Why or why not?

EXPERIMENTATION AND DATA ANALYSIS: 
FOOD PREFERENCE BY  PILLBUGS

In the previous procedures you developed and recorded 
observations, questions, and hypotheses concerning food 
preference by pillbugs. Pillbugs may be attracted to dead 
leaves as food, or they may be attracted to fungi growing on 
the leaves as food. Leaves dipped in a yeast suspension can 
simulate fungi growing on leaves. Use the following proce-
dures as a guide to the science of experimentation and data 
analysis to test the hypothesis you recorded in Worksheet 2.

Procedure 1.8 Design an experiment to test food 
preference by pillbugs
 1. Design an experiment to test your hypothesis in  

Worksheet 2 about food preference by pillbugs. To do 
this, specify:

  Experimental setup  
    
  Treatment 1 to be tested  
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  Treatment 2 to be tested  
    
  Control treatment  
    
  Response variable  
    
  Treatment variable  
    
  Number of replicates  
    
  Means to be compared  
    
 2. Conduct your experiment and record the data in  

Worksheet 2.
 3. Analyze your data. Record the control means and 

adjusted treatment-means in Worksheet 2.
 4. Calculate the range and standard deviation for your 

treatments, and record them in Worksheet 2.
 5. Test your hypothesis. Determine if the null hypothesis 

should be accepted or rejected. Record the results in 
Worksheet 2.

 6. Answer the Specific Question 2, Specific Question 1, 
and the General Question posed in Worksheet 2.

Procedure 1.9 Answering the questions: food 
preference by pillbugs
 1. Examine the results of your hypothesis testing pre-

sented in Worksheet 2.
 2. Enter your answer to Specific Question 2 in  

Worksheet 2. Does your experiment adequately answer 
this question? Why or why not? 

 3. Enter your best response to Specific Question 1 in 
Worksheet 2. Does your experiment adequately answer 
this question? Why or why not? 

 4. After testing the hypotheses, are you now prepared to 
answer your General Question “What influences the 
distribution of pillbugs?” Why or why not? 

Question 5
What are some examples of biological theories?

INVESTIGATION

How Temperature Affects the Production of CO
2
 by Yeast

Observation: Fermentation of nutrients by yeast produces CO2, 
and the production rate of this CO2 can be used to measure 
growth of the yeast. In this lab you’ve already investigated 
how the production of CO2 is affected by different nutrients 
(i.e., sugar, protein). Here you’ll investigate another variable: 
temperature.

Question: How is the production of CO2 by yeast affected by 
temperature?

a. Establish a working lab group and obtain Investigation 
Worksheet 1 from your instructor.

b. Discuss with your group well-defined questions relevant to 
the preceding observation and question. Choose and record 
your group’s best question for investigation. 

c. Translate your question into a testable hypothesis. Record 
this hypothesis.

d. Outline on Worksheet 1 your experimental design and sup-
plies needed to test your hypothesis. Ask your instructor to 
review your proposed investigation. 

e. Conduct your procedures, record your data, answer your 
question, and make relevant comments. 

f. Discuss with your instructor any revisions to your questions, 
hypothesis, or procedures. Repeat your work as needed. 

Scientific Theories

Throughout this course you will make many predictions and 
observations about biology. When you account for a group 
of these observations with a generalized explanation, you 
have proposed a scientific theory. 
 In science, as opposed to common usage, a theory is a 
well-substantiated explanation of some aspect of the natural 
world that usually incorporates many confirmed observa-
tional and experimental facts. A scientific theory makes pre-
dictions consistent with what we see. It is not a guess; on the 
contrary, a scientific theory is widely accepted within the 
scientific community—for example, the germ theory claims 
that certain infectious diseases are caused by microorgan-
isms. Scientific theories do not become facts; scientific the-
ories explain facts.
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Questions for Further Thought and Study

  1. Newspaper articles often refer to a discovery as “scientific” or claim that something has been proved “scientifically.” 
What is meant by this description?

 2. Experimental results in science are usually reviewed by other scientists before they are published. Why is this done?

 3. Have all of our discoveries and understandings about the natural world been the result of applying the scientific method? 
How so?

 4. Suppose that you hear that two means are significantly different. What does this mean?

 5. Can means be different but not significantly different? Explain your answer.

 6. How can science be used to address “big” issues such as climate change?

 7. Some people dismiss evolution by natural selection as being “only a theory.” Biologists often respond that yes,  
evolution is a scientific theory. What does this mean?

 8. A hallmark of a scientific theory is that it is falsifiable. What does this mean, and why is it important?
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Worksheet 1   The Process of Science: Nutrient Use in Yeast

OBSERVATION  

QUESTIONS
General Question:  
Specific Question 1:   
Specific Question 2:  

HYPOTHESIS H0:  

EXPERIMENTAL DATA: Nutrient Use in Yeast

  Treatments Treatments Minus Control x –

 Control   Glucose   Protein Glucose CO2 Protein CO2 
 CO2   CO2  CO2 Production Production 
 Production   Production  Production Adjusted for  Adjusted for 
Replicate (mm) Replicate (mm) Replicate (mm) the Control x– the Control x–

 C1  G1  P1   
 C2  G2  P2   
 C3  G3  P3   
 C4  G4  P4   

Control x – =               Protein x – =              
Glucose x – =               Protein range =               −              
Glucose range =               −               Protein SD =              
Glucose SD =               

TEST HYPOTHESIS
Glucose x – − (½)SD =               Protein x – − (½)SD =              

Glucose x – + (½)SD =               Protein x – + (½)SD =              

Do the half standard deviations surrounding the means of the two treatments overlap? Yes                No              

Are the means for the two treatments significantly different? Yes                No              

Is the null hypothesis accepted?               or rejected?              

ANSWER QUESTIONS
Answer to Specific Question 2  

Answer to Specific Question 1  

Answer to General Question  
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Worksheet 2   The Process of Science: Food Preference by Pillbugs

OBSERVATION  

QUESTIONS
General Question:  
Specific Question 1:  
Specific Question 2:  

HYPOTHESIS H0:  

EXPERIMENTAL DATA: Food Preference by Pillbugs

  Treatments Treatments Minus Control x –

       Treatment 1 Treatment 2 
       Adjusted for  Adjusted for 
Replicate Control Replicate Treatment 1 Replicate Treatment 2 the Control x– the Control x–

 1  1  1   
 2  2  2   
 3  3  3   
 4  4  4   

Control x – =               Treatment 2 x – =              
Treatment 1 x – =               Treatment 2 range =               −              
Treatment 1 range =               −               Treatment 2 SD =              
Treatment 1 SD =              

TEST HYPOTHESIS
Treatment 1 x – − (½)SD =                 Treatment 2 x – − (½)SD =              

Treatment 1 x – + (½)SD =                 Treatment 2 x – + (½)SD =              

Do the half standard deviations surrounding the means of the two treatments overlap? Yes                No              

Are the means for the two treatments significantly different? Yes                No              

Is the null hypothesis accepted?               or rejected?              

ANSWER QUESTIONS
Answer to Specific Question 2  

Answer to Specific Question 1  

Answer to General Question  
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